Studying the human brain remains one of the greatest scientific challenges. A comprehensive understanding of the structural and functional organization of the brain is not only of great importance for basic science, but also for the development of new approaches that improve diagnosis and the treatment of neurological and psychiatric diseases. With this mindset, the Human Brain Project (HBP) started its work in October 2013 with the aim of creating a European ICT infrastructure for neuroscience. The immense complexity of the brain, with its approximately 86 billion nerve cells, makes it essential to include modeling and simulation approaches, combined with methods of high performance computing (HPC) , in order to analyze the organizational principles of the brain.
Conversely, the understanding of neural mechanisms might inspire new advancements for HPC. Those insights into the brain provide simulation, and give computer scientists the opportunity to develop a new generation of computers and software that are inspired by the functional principles of the brain. HPC opens up new avenues for neuroscientists to develop virtual brain models, such as the Big-BRAIN [2] model, which connects the macroscopic with the microscopic organization level for the first time in a reference system. In such models, data from the genetic, molecular, and cellular levels up to cognitive systems could be combined together for a subsequent analysis at different scales. This is done in the HBP research area Data.
To analyze these different levels of brain organization, particularly in the ramp-up phase, studies in mouse brains will be performed in addition to studies in human brains. In the ramp-up phase, six ITC platforms will be established in another research area, which includes the subprojects neuroinformatics, medical informatics, brain simulation, HPC, neurorobotics, and neuromorphic computing. These platforms are the basis for a new ICT infrastructure for neurosciences, which will be open to all scientists for their research. These subprojects will be accompanied by the research fields Theory, Ethics and Society, and Applications. The project will be funded with approximately € 1.19 billion, with 75% of funding from the EU, and the rest provided by partner countries and their institutions. The Human Brain Project now has unprecedented dimensions that significantly exceed previous EU projects both in the number of partners (currently about 80 institutions from 22 countries) as well as in the duration of its funding period (10 years). The HBP is coordinated by Henry Markram (EPFL, Switzerland).
Selection procedures and conditions
The HBP is one of the world's largest research initiatives. Within the European Union (EU), it is part of the flagship program, which is a new initiative launched by the European Commission as part of its Future and Emerging Technologies (FET) initiative. In addition to the Human Brain Project, there exists an additional project, Graphene, with the goal of improving this new material and making it accessible to applicable fields like health and environmental research, high frequency electronics, spintronics, and nanocomposites. The selection process for HBP was based on multiple levels of evaluation. In the beginning, there were more than 50 letters of interest. Six of those projects were asked to submit detailed feasibility studies. These six projects were subsequently evaluated, with four projects selected based on the criteria of evaluation, of which two were ultimately selected for funding. These two flagship projects were announced by Neeli Kroes, the European Commissioner for Digital Agenda, in January 2013. Afterwards, each project was asked to submit a comprehensive task schedule, as the basis for the specific activities in the first 2.5 years, termed ramp-up phase.
Comparable large-scale projects in the field of brain research are the Connectome Project (NIH funded, US$ 30 million in total, 2010-2015), the BRAIN (Brain Research through Advancing Innovative Neuro Technologies) initiative (U.S. funded, US$ 100 million, lasting 10 years), which was announced immediately following the announcement of the HBP and similar projects in China and Japan.
In the 2.5-year ramp-up phase, a total of € 72 million including € 54 million EU funding is available. In early April 2014, 32 additional research groups joined the project being selected from proposals submitted in response to a competitive call. They will each receive a funding approximating € 8 million. If all requirements are met, provided by detailed reporting, the decision will be made by the end of 2014 on whether the operational phase can begin in mid-2016. The results of the coming months, in particular, the strategic cooperation process, will be a model for future large-scale projects in the European Union.
The German contribution to the preparation phase can be measured by receiving the second largest funding, only after Switzerland. Four of twelve scientific subprojects are directed by German scientists-Katrin Amunts from the Research Centre Jülich/University of Düsseldorf, Alois Knoll of the Technical University of Munich, Thomas Lippert from the Research Centre Jülich/University of Wuppertal, and Karlheinz Meier of the University of Heidelberg, who is also a member of the three-member executive committee (. Tab. 1). Five German research institutes are represented in the 14-member President's Advisory Council.
These-even for the EU-extraordinary dimensions of a project require professional management and coordination. This is done in a separate subproject which is primarily responsible for coordinating compliance with the scientific roadmap, with its numerous milestones and to ensure the associated detailed reporting. Furthermore, this project area will monitor the financial allocation, and coordinate communications within the HBP, with politicians in the EU and the partner countries, and with the economy and the general public. The area also includes a rapid provision of data and research results to make it available to the scientific community. This requires the development of special procedures regarding intellectual property issues and patent law. This article is designed to give a brief overview of the HBP organization, and to illustrate the German neuroscientific contributions to the HBP and indicate the relationship to other projects within the HBP. expression, number, morphology, and architecture of cells; connectivity; cognitive systems, etc.; . Fig. 1 ). The collected data will be analyzed in order to complement existing gaps in the data and generate organization principles. These include, for example, the analysis of the connectome by diffusion imaging, but also 3D polarized light imaging, a method that was developed in the Research Centre Jülich [3] . It allows the visualization of the three dimensional course of fiber tracts and even of individual nerve fibers. Another focus lies on the analysis of genetic data and gene expression in individual cell types, which can be used to predict properties of the brain that are difficult or impossible to obtain using experimental approaches. The results will be publicly available in atlases and databases, and are the basis for multiscale models of the human and the mouse brain.
Structure of the HBP
A further focus lies in combined analysis of cognitive systems with fMRI, diffusion MRI, EEG, and other noninvasive techniques to reach a comprehensive spatial and temporal characterization of neuronal circuits and their involvement in mental processes in humans. The developed models of cognitive functions are then used to support theoretical approaches and to develop computer-simulated models. Conversely, the analysis of cognitive functions of the models and simulations will generate information, which could be checked again through experiments. Thus, top-down and bottomup approaches can complement each other in an iterative sequence.
The research area Theory. This research area also represents a separate subproject, and develops models of neurons and neural circuits based on biophysical and morphological findings. In this case, signals of the intracellular level of the local field potentials are to be modeled through EEG and MEG signals at different levels of scale. Furthermore, learning rules are derived from biophysical models of synapses. Models will be developed for the interaction of perception and action, and the effects of attention on models of working memory will be analyzed theoretically. Likewise, biologically realistic network conditions for sleep and wake states and theories on principles of information processing in single neurons and neural circuits will be developed. Ultimately, new computer systems will be designed, inspired by the biological processes in the brain. At the end of March 2014, the European Institute for Theoretical Neuroscience (EITN) was established in Paris, which provides programs for scholars and young researchers.
The research area ICT Platforms. This area of research with its six subprojects (. Tab. 1) comprises of an integrated system of-as a start-six platforms to support science and technological developments within and outside of the HBP. The platforms will be accessible through a common web portal. F Neuromorphic Computing is intended to allow nonspecialists to conduct experiments with neuromorphic computing system, i.e., hardware that includes simplified brain models that were generated in the simulation platform. F Neurorobotics: providing the software and hardware that makes it possible to implement the developed models in robots.
The research area Application. This area supports projects for research in the application of using the ICT platforms. This includes the investigation of biological mechanisms of cognition and behavior, analysis for a better understanding of disease, and the identification of new therapies for personalized medicine. In addition, this research area will develop lowenergy computers and hybrids of neuromorphic and conventional systems.
The research area Ethics and Society. In this research area, the influence of the HBP on society and ethical and philosophical issues, such as the implications of research findings for the concepts of personality, personal identity, and spir-it, are discussed. Furthermore, there are internal programs to enhance the ethical and social skills and the dialogue between scientists and the wider public. An independent Ethical, Legal and Social Aspects Committee will examine the ethical consequences of the project; a Research Ethics Committee will address the ethical concerns of the HBP (clinical research subjects and patients, animal experiments, etc.) and ensure that all legal and ethical requirements are met. 
Neuroscientific contributions from Germany
Strategic human brain data. Neuroscientists from the Research Centre Jülich and the Heinrich Heine University Düssel-dorf are especially involved in this part of the project (SP2 Leader: Katrin Amunts). The data analyzed here are intended to develop multimodal and multiscale models of the brain. These models are not only a prerequisite for computer simulations, but also allow for better understanding of brain diseases. The results will be integrated into the Human Brain Atlas, which arises from subproject 5, Neuroinformatics, and will be publicly accessible. For this purpose, a special portal, Brainpedia, will be created. It will be designed such that scientists within and outside the HBP can implement their own data and benefit from other HBP data as well. The project covers several areas that will be briefly presented here.
For a longitudinal in vivo characterization of the structural and functional organization of the brain, 12 subjects will be analyzed using high-resolution MR imaging. Functional localizer would help to create a map of different cognitive processes in the brain. Scientists leading these studies include Bertrand Thirion (Neurospin, INRIA, [5] ) and Philippe Pinel (INSERM, CEA, [8] ).
In the same subjects, diffusion imaging will be used to analyze the connectivity of the brain. Jean Francois Mangin and Cyril Poupon from the CEA will use different field strengths (3.7 and 11.7 T) in order to characterize the most important connections in the brain and estimate the number of fibers (e.g., [13] ). The in vivo data will be supplemented by postmortem data measured on an 18-T scanner. In addition to the diffusion imaging, Simon Eickhoff of the Heinrich Heine University Düssel-dorf will study the functional and effective connectivity [17] .
Research on unstained sections with polarized light, specifically, 3D polarized light imaging (3D-PLI), allow the study of fiber tracts and nerve fibers at a microscopic level with a spatial resolution of up to 1.5 microns [3, 4] . Markus Axer, Karl Zilles and Katrin Amunts (Research Centre Jülich) work in this field. 3D-PLI utilizes an optical property of the myelin sheaths of nerve fibers known as birefringence. Birefringence can be quantified by passing linearly polarized light through thin unstained brain tissue (≤100 μm) and by measuring local changes in the polarization state of light. Using the Jones calculus, it is possible to detect not only the direction of the nerve fibers within the sectional planes, but also the directions of those fibers which are orientated orthogonal to the sectional planes. After the threedimensional reconstruction of whole serial sections, it is possible to monitor nerve fibers over large distances. This opens up not only previously unimagined possibilities of investigating the densely-packed white matter in the human and animal brain, but also an exploration of the fiber architecture within the cerebral cortex (. Fig. 2) .
Ultimately, a first overview map of the brain will be created, containing the whole connections from different brain regions, the target areas of those connections, and the communication pathways used by the interconnected brain areas.
In the Brain Simulation Platform (SP6), the collected data will be used to build network channels (meshchannels) and merge them together with network models in order to calculate and predict axonal pathways. Results from the human brain will also be compared to those found in SP1 in the mouse brain.
Cell body-stained sections of human brains are the basis for 3D reconstructed brain models such as the BigBrain [2] . In addition, serial sections with cellular markers are examined, allowing the analysis of the number and distribution of neurons and glial cells in different brain regions (collaboration with Javier DeFelipe (SP1), Universidad Politécnica de Madrid; [6] ). Using the JuBrain atlas, this information may be used to extract specific information of microscopically defined cortical areas and relate them to comparable areas of the mouse brain. The resulting data sets are complemented with FIB/SEM microscopy data in order to integrate information from light and electron microscopic studies to a stereotactic space like the BigBrain reference brain (collaboration with SP1).
Later, SCT data (Single Cell-type Transcriptome), prepared by the group of Huib Mansvelder (Vrije Universiteit Amsterdam), will allow a registration of detailed information about cell types and their morphologies to the Brain Atlases. Analogous data, collected in the mouse brain, will be related to the proteomic level as well. This information is required in order to reconstruct the existing synapses in the brain.
The regional distribution of different transmitter receptors gives insight to the functional and molecular organization of the brain. Receptors play a key role in signal transmission between nerve cells (and also between nerve and glial cells). The quantitative in vitro receptor autoradiography [19] is a method to quantify differences in regional and laminar distribution Fig. 2 9 Three-dimensional polarized light imaging (3D-PLI) [3, 4] represents a novel neuroimaging technique to map nerve fibers, i.e., myelinated axons, and fiber pathways in human postmortem brains with a resolution at the micrometer scale. This is possible through the detection of the birefringence properties of the nerve fibers, which is given especially by their myelin sheaths patterns of single receptors in the cerebral cortex. The group led by Karl Zilles and Katrin Amunts at the Research Centre Jül-ich and the University of Düsseldorf created a map of the spatial distribution of at least 20 neurotransmitter receptors in different cortical layers and areas of the human cerebral cortex and subcortical areas (e.g., [1, 15] ). Receptors for glutamate, GA-BA, and modulating transmitters are regulated depending on their strength and the effectiveness of synaptic contacts in specific regions. Therefore, together, they build the basic conditions for signal transmission (. Fig. 3) .
Maps of the different transmitter receptors distributions, cytoarchitecture, connectivity, and the data obtained with in vivo imaging techniques will be merged to the HBP Human Brain Atlas in subproject 5 (Neuroinformatics).
Finally, these findings of the adult brain will be complemented with investigations of the developing brain by Ghislaine Dehaene -Lambertz (CEA). The studied period covers the time between the 29th week of pregnancy up to 2 years postnatally. Structural MRI, EEG/MEG, and fMRI, in connection with auditory tests, will be used [7] to identify milestones of normal brain development. The resulting snapshots obtained at certain ages will provide important clues for the modeling of the developing brain.
The Human Brain Atlas, which will be generated in subproject 5 (Neuroinformatic Platform), plays a central role in the HBP. The atlas will combine the different brain maps, containing information of different modalities-such as connectivity, cellular and molecular architecture, or gene expression-in one multimodal atlas. The specific data will be provided by the subprojects 2 and 3. Katrin Amunts and Karl Zilles are responsible among others for the development of an atlas of the human brain in the HBP, as a result of their accumulated experiences during the creation of the JuBrain Atlas. The JuBrain Atlas contains cytoarchitectonic probability maps of cortical and subcortical areas; those information can, inter alia, be used for a reliable localization of findings from fMRI studies [1, 20] . However, in order to better account for the different scales of brain organization and represent the different data in a common reference space, the BigBrain was developed [2] . Due to its resolution of 20 microns in any direction in space, it is even possible to map data for the localization of single neurons or microcircuits according to their location in the cortex. In addition to the BigBrain, other reference spaces are also supported in the HBP, such as the MNI152 template ( [9] , http://www.bic.mni.mcgill.ca/ServicesAtlases/ICBM152NLin2009), which is used particularly in imaging studies using fMRI. The atlas will also include information on gene expression from the Allen Institute of Brain Science (USA; http:// www.alleninstitute.org/).
A major aim in the HBP is to organize the already existing and future data sets and make them accessible. In collabora- tion with the Allen Brain Institute, new concepts and tools will be developed to enable analysis and interpretation of large amounts of data within the Brain Atlas. The atlas can, thus, become a central data source for modeling and simulation in the HBP and the international neuroscientific community.
In order to make the multilevel brain atlases usable at all levels of the implemented data, a new open-sourced software will be developed-the Atlas Builder. It will allow the creation and management of atlases as well as performing queries within the atlases. With HBP, Brainpedia, an open and freely available Wiki, will be created to allow an encyclopedic look on the latest data, models and publications for all levels of the brain.
Theory, modeling, and simulation. HBP will use theoretical mathematical methods to create models of complex brain structures and functions to investigate laws of synaptic plasticity in learning and memory. Large-scale models will be used to build a bridge between behavioral studies and imaging studies. The information processing will be analyzed mathematically and simulated at different levels of organization in the brain.
Abigail Morrison from the Research Centre Jülich summarizes the experimental data in mathematical models to create network models of the activity patterns during sleeping and waking cycles [16] . These models also include results from subproject 3, Cognitive Architectures, intracranial recordings in humans and animal experiments. These models contribute directly to the development of neuromorphic computer architectures, such as those in subproject 9, Neuromorphic Computing Platform.
In collaboration with computer scientists, the models will then be used as the basis for simulations. In subproject 6, Brain Simulation Platform, an openly accessible platform will be built to perform data-based predictive simulations via the internet. Ultimately, the HBP hopes to model all levels of brain structure and function in humans and mice, and the different brain regions in a degree of differentiation as corresponded to our present knowledge.
The Jülich scientists Paolo Carloni is working on simulations of the binding behavior of proteins and its associated effective mechanisms. These findings on the kinetic interactions between proteinto-drug and protein-to-protein might initiate new experimental studies [14] .
Markus Diesmann of Jülich is developing a network simulator that can simulate very large networks with more than 30,000 neurons, or even large scale network systems with up to 1 million neurons [12] . The goal is to simulate single neurons within entire brain regions.
Sonja Grün and colleagues from the Research Centre Jülich are developing new software and procedures to prepare various experimental data for neural dynamics and signal transmission such that they can be compared with those from simulations. This affects population analysis of measurements of local field potentials as well as analysis of massively parallel single-cell activities. Some of these methods are based on previous work in the EU project BrainScaleS [18] .
High Performance Computing. A key contribution to the HBP comes from the computer scientists led by Thomas Lippert from the Research Centre Jülich, who is responsible for the subproject High Performance Computing Platform (HPC) in the HBP. In this project, software tools, numerical methods, and first prototypes will be developed to allow brain simulations, visualizations, and data analysis. This would allow more direct and easier interactions between neuroscientists and supercomputers. Furthermore, technologies are being developed to handle significant amounts of experimental and simulated data and to validate the proposed models.
Torsten Kuhlen (RWTH Aachen) is responsible for the visualization of models and simulations in his work. With respect to this, concepts and first software prototypes for an interactive visualization and control of brain models, brain simulations, and data analyzes would be developed [10] .
Neuromorphic computing and neurorobotics. The physicist Karl Heinz Meier of the Ruprecht-Karls University Heidelberg and Steve Furber of the University of Manchester together spearhead subproject 9 Neuromorphic Computing. This subproject aims to develop hardware systems, building highly parallel models from cells, connections, and networks of the brain. This Neuromorphic Computing Systems (NCS), with its both high-speed and realtime operations, will be integrated into the Neuromorphic Platform, and will therefore be available to all partners.
Subproject 10, NeuroRobotics Platform, is headed by Alois Knoll (TU Munich). It will offer scientists and developers a software and hardware infrastructure which they can use to combine validated brain models with detailed simulations in robots and their environments. The resulting neurorobotic systems will be available for in silico experiments and the development of new technologies [11] .
Outlook
In the U.S. and Canada, developments of the HBP have been observed with great attention. A few days following the final approval of the HBP, the U.S. President Barack Obama announced the BRAIN Initiative (Brain Research through Advancing Innovative Neurotechnologies), with a funding of US$ 100 million. The initiative was equated to the Human Genome Project, and even the first landing on the moon. BRAIN will explore the dynamics of individual cells up to their interaction in complex networks using innovative methods and technologies. The HBP partners see this initiative as a useful complement to the European project. Concrete collaborations between individual groups such as the Allen Brain Institute already exist. 
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